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ABSTRACT

Four TERRIERMk 12 Mod 0 boosters with concrete slugs were fired
,aboard the Italian cruiser G0IUSEPPE GARIBALDI (Cm55l) to investigate
the adequacy of the protection for the TERRIER launching system
personnel against blast effects and to determine the effects of the
booster blast on the ship's structure. The test vehicles were fired
at various angles such that the exhaust stream was directed at areas
thought to impose the most severe conditions on the ship's structural
components and equipment. Measurements were made of toxic gas concen-
trations, sound pressure levels, flame penetrations at door and port
seals, and temperature changes inside the ship and in the blast area
of the II TUGA Deck (02 level) and the I TUGA Deck (01 level). High-
speed motion pictures were taken on all tests.

The results indicated excessive'smoke and gas leakage through
the Port Blast Door, gas leakage through the ventilation intake sys-

tem (iI TUGA), and minor structural damage to equipment mounted on
the side of the II TUGA deckhouse.
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FOREN( D

This is the final report of the TE-RRIER structural firing tests
aboard the Italioi cruiser GIUSEPPE GARIBALDI (Cm551) conducted
under BUWEPS Task Assignnent GTE-MAP-,OO/210-8/0,15BO-006 of
4 May 1962 in accordance with reference (a):. The firing tests were
conducted to determine the effects of the TAIER booster blast on
the ship's structure and to evaluate the adequacy of protection for
the TERRIER launching system personnel against blast effects.

The preliminary results of these tests were reported in refer-
ence (b).

This report was reviewed by the following members of the Wea-
pona Development and Evaluation Laboratory.

J. J. WALSH, Head, Physical Projects Section
D. C. ROSS, Head, Experimental Branch
H. R. PRYOR, Head, Development Division
R. J. NEY, Captain USN, Assistant Director for

Military Applications
D6 W. STONER, Director

APPROVED FOR RELEASE:

// R. H. LYDDANE
Technical Director
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INTRODUCTION

Structural firing tests were conducted aboard the Italian
cruiser 0.IUSEPPE GARIBALDI (C-551) to establish the adequacy of
the ship's structure to withstand the booster blast and to test
for safe habitability of manned areas during missile firings.
These tests were accomplished by firing four TERRIER Blast Test
Vehicles (BTV), each composed of a Mk 12 Mod 0 booster with eon-
crete slug, at various angles such that the exhaust stream was
directed at areas thought to impose the most severe conditions
on the ship's structural components and equipment. These firings
served also to determine the adequacy of the door seals, ports,
and equipment exposed to the blast. Detailed test objectives are
given in the test plan, reference (a), and a brief summary of
test objectives and conditions is presented in Appendix Di

instrumentation was provided for measuring toxic gas con-
centrations, sound pressure levels, and temperature changes,
for observing the extent of flame entrance at door seals and
ports and for providing high-speed photographic coveragei The
instrumentation was moved for each test in order to make all
measurements in the same configuration with respect to the
impingement areas. The detailed test results are grouped accord-
ing to type of measurement rather than by test to avoid repeated
references to the kind of measurement consideled.

TEST PROCEDURE

The instrumentation was installed and operated by NWL,
Dahlgren, personnel with the assistance of members of the ship's
company assigned to the various instrumentation groups. The
equipment used to record sound pressures and temperature was
housed in the Forward Director Barbette. Signal cables were
connected between the instrumentation housing and the transducers
located throughout the after part of the ship in the areas under
test. For each test, a TERRIER Mk 12 Mod 0 booster with concrete
slug was launched from either the "A" rail or "B" rail of the
,Mk 5 Mod 0 guided-missile launcher.

The launcher angles, imingement areas, and the sequence in

which the tests were conducted are tabulated below:
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Test Launcher -

No. Date Rail- Itrain Elevation Impinaement -Area

1 10-5-62 A 73600 65*00' Port Blast Door,

2 10-542 A i1l5001 43620 ,' Dud Jettisoning System,
Portside.

3 10-5-62 A 335600 13*00 II TIGA Deck, Frame 34,
Starboard.

4 10-542 B 19800:' 060351 Starboard Edge of II TUGA
Deckhouse at Frame 62.

The tests were conducted as part of the services contracted by the
Italian Navy with BUMPS and were fired in the Virginia Capes
Operating area.

After each test, a description of the damage was recorded and
the damaged areas were photographed. The test data were returned
to NWL, Dahlgren, for detailed analysis and reporting.

The procedures followed by the different groups in obtaining
each type of measurement or observation are described in the
following paragraphs:

1. Camera Coverage

Camera coverage was arranged to provide information on
structural damage, for observing the extent of flame entrance at
door and hatch seals, and to document the other test instrumenta-
tion on all tests. Details for each camera, including its loca-
tion, type, speed, and coverage are included in Table 1.

2. Sound Pressure Measurements

Measurements of sound pressure level (SPL) in the areas
adjacent to the missile launcher were made to provide information
on the high intensity sound levels generated by the firings of
the TEIER booster. The microphones were located for each test
as shown in Figure 1 and identified by Table 2. Details of test
equipment and procedures are included in Appendix C.

2
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3. Temperature Meaturements

The air temperature was monitored in the missile house in
the areas that would be manned during missile launchings, to record
any change in temperature attributable to the firing of the
boosters. The areas in which the temperatures were measured are
indicated in Table 3. Details of the test equipment and procedures
are included in Appendix C.

4. Toxic Gas Samp-linR

Shipboard toxicity tests were conducted to determine the
presence and the concentrations of noxious gas leakage into the
interior of the ship. Among the expected products of combustion
were carbon monoxide, lead, and oxides of nitrogen. Details of
test equipment and procedures are included in Appendix C.

RESULTS AND DISCUSSION

The structural firing tests were successfully conducted on
5 October 1962. Instrumentation functioned satisfactorily during
all firings except for Test 1, during which there was a loss of
electrical power resulting in the shut-down of the electrically
operated movie camera and gas sampling -ripment. The data
collected and the observations made during and after the tests
indicated excessive gas and s$moke leakage through the Port Blast
Door, gas leakage through the ventilation intake system (ii TUGA),
and minor structural damage to equipment mounted on the II TUGA
deckhouse. A detailed discussion of each kind of measurement and
of the damage incurred is included in the following paragraphs:

1. Sound-Pressure-Levels

A spectrum analysis of each noise recording was made
using a Btuel and Kjaer spectrum analyzer. The output signals
from the magnetic tapes were applied successively to each filter
of the 1/3 octave spectrum analyzer and a complete time history
for each filter was plotted using a high-speed signal level
recorder. The maximum sound pressure level was derived from each
time history curve and the results for each test are listed in
Tables 4 through 14. The maxim:_um (over-all) sound pressure level
for each test was obtained from the time history plot of the
Linear "C" Network of the Brue! and Kjaer sound equipment. A

summary of these measurements is contained in Table 2. All sound
pressure level measurements were furnished to the Bureau of
Medicine and Surgery for an evaluation of health hazards to
operating personnel.

3
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2i Temperture Measur emants

The maximum temperature rise recorded inside the ship was
3170F above an ambient temperature of 86.06F. This temperature
rise occurred in the area of P46 beneath the Port Blast Door. The
temperature-time curve for this area is shown in Figure 2. The
temperatures recorded during the tests are included in Table 3.

3. Toxicgwas amolin

The analysis of the air samples collected during the con-
duct of these tests indicated excessive smoke and gas leakage into
the ship during two of the firings. The high concentration of
carbon monoxide present in the missile house after Test I was
attributed to exhaust gases entering through the Port Blast Door
(Figure 3 shows the opening in the Port Blast Door). The concen-

tration of lead present after Test 4 was the result of hot exhaust
gases entering through the ventilation intake system on the iI TUGA
Deck (02 level). Details concerning the kind and number of samples,
areas checked, access and sampling time, and the concentration of
gases are included in Table 15. information concerning toxic gases

in this report was furnished to the Bureau of Medicine and Surgery
for evaluation of the hazards to personnel.

4. Structural DaMe

There was no major structural damage observed during or
after firing of the four Mk 12 Mod 0 boosters, The minor structural
damage incurred is as follows:

a. The lamp globe and lamp mounted on the starboard side
of I1 TUGA deckhouse were broken (Figure 4).

b. The fire hose located on the starboard side of the

I TUGA deckhouse was charred (Figure 4).

c. The fire fighting gear mounted on the side of the
II TUGA deckhouse was blown to the Coperta (main deck) (Figure 4).

d. The radome of the main antenna of the AN/SPG-55 Mis-
sile Director was punctured. The puncture was approximately six
inches long and one inch wide (Figure 5).

4
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ei The atior shielding was completely burned off the
ship service telephone cable located at the forward base of the
launcheri

f. The ammunition loading gear cover located on the
II TUGA deck, Frame 35, starboard, was blown away (Figure 6).

The Port Blast Door was blown open an undetermined
distance by the booster blast during Test 1i After the blast sub-
sided, an opening of approximately one inch remained in the Port
Blast Door. An initial investigation of the blast door and the
tension-type door latching mechanism by the Northern Ordnance
representative showed no malfunction in the operation of the door
or the latching mechanism. Further investigation, however,
rovealed that the tension in the door latching mechanism was that
normally set to prevent opening of the door by the exhaust of the
less powerful TRIER Hk 7 Mod 0 Booster.

CQNC LUS IONS

It is concluded that the damage caused by the blast of the
TERRIER Mk 12 Mod 0 booster duriog the structural firing tests
was minor. it appears that a redesign of the blast doors latching
mechanisms, the closing of the intake vents in the vicinity of the
missile launcher, and the relocation of auxiliary equipment would
eliminate most of the items susceptible to damage and gas leakage
during missile firings.

REC NATIONS

It is reconnended that:

1. The latching mechanisms on the blast doors be redesigned

to prevent the opening of the doors by the exhaust of the TERRIER
1k 12 Mod 0 booster.

2. The cable leading to the ship service phone be placed in
a conduit.

3, The shutters on the ventilation intake vents in the blast
area be closed during missile firings to prevent the booster
exhaust from entering the ship through the ventilation system.

4. All of the auxiliary equipment mounted on the side of the
II TQGA deckhouse be relocated to a more protected area,

5



(a) MIL, Dahigren* ltr WEP:-PPW:efl S800/TE,/S of 30 July 1962
(b) MilL, Dahigreno ltr WDEP:.PPW:efl 8800/T9/9 of 5 November 1962
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TABL&L4 ROI N.

,SPINITRUM, ANALYSI& FJOIS-E-ATM P PORT

Center Frequenicy of
1/3 Octave Band Pass Filter Maximum Sound Pressure Level

(~L- dbl)Re- O.OO24nes =2~

40 128
-50 127
63 124
8,0 129

100 129
125 130
160 129
200 1377
250 131
315 130
400 133
'500 130
630 127
800 130

1000 131
1250 132
1600 132
2000 131
2500 134
3150 13,2
4000 134
5000 134
6300 132
8000 12,6

10000 129
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TABL--5ROUN'D NO.1

S.PECTRMANALYSIS OF NOISE AT~ M CKUT.A~

Center Frequenc-y of
13Octave Band paas Filter XMaxium Soun#_Pressure Leve

-(Cos.) - --- C-db)kO.O- 0if02-dnes 1" 2

40 102
510 102
,63 100
80 102

100 < 100
125 < 100
16,0 103
200 106
250 105
315 109
400 110
'500 113
630 110
800 113

1000 114
1250 116
1600 118
2,000 118
2500 118
3150 115
4000 116
5000 113
6300 112
8000 108

10000 108



TABLE-6 ROUN NO .- 1

SPECTRU ANALY.SIS- OF- N-OISE At -6

Center Frequency of
1/3 Octave Band Pass, Filter Maximumh Sound Pressure Level

-c)(-db), RFe- 0.O0O2-dvne/cmi2 _

40 107
50 1018
63 108
80 ill

100 117
125 118
160 115
200 117
250 119
315 119

*400 122

630 124
800 125
1000 123
1250 123
1600 127
2000 12,6
2500 129
3150 130
4000 133
51000 133
6300 132
8000 127

10000 132
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SPETU ANALYSIS -OP- NOISEAT Pm9

Center Frequency of
1/3 Octave Band Pass Filter Maximum Sound Pressure Level

(c-K-(d-b) Re 0O-2-OO2 4vnes, cm?

40 106
50 100
63 <100
80 106

100 < 100
125 1-05
16-0 106
200 < 100
250 105
3151 104
400 106
500 110
630 112
800 114

1000 114
1250 114
1600 117
2000 116
2500 119
3150 117
4000 116
5000 115
63 00 112
8000 108

10000 110



TABLE-9 ROUND NQ.-2

SMECTRUm -NLSSO QSEA HCOTAE

1/3 Octave Band Pass Filter Maximum Sounid Pressure Level
(cps) (db)- Re -0.-000'2'dn- jm

40 113
50 106
63 106
80 11

100 110
125 109
160 108
2 00 < 100
250 108
315 106
400 103
500 103
63:0 1,03
800 100

1000 102
1250 102
1600 1104
2000 1,03
2500 104
315,0 105
4000 1,03
5000 100
63,00 100
8000 < 100

10000 < 100
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TABLE 10RUD OO

S-PECTRUM A-ALYSS O'F NOIME0ATP-6

Center Frequency pf
1/3 Oc~tave Band Pass Filter Maximum Sound Pressure Level

401 109
510 111
63 109
80 112

100 112
125 114
160 116
2,00 114
25:0 113
315 112
400 113
500 1M
630O 113
800 110

1000 106
1250 109
1600 108
2000 108
2500 109
3150 109
4000 107
5000 103
6300 <100
8000 <100

10000 <100
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TABLE 12 ROU-ND-1i-.

SPECTUM ANALY$SSOF NOISE-0FjMIE K0UTA

Center Frequency of
1/3 Octave Dam~ Pais Filter Maximum Sound Pressure Level

40 107
510 104
63 106
80 10 9
100 106
125 110
160 111
200 113
250 110
3 15 109
400 107

500 104
630 102
800 104
1000 104
1250 104
1600 103
2Q00 102
2500 < 100
3150 < 100
4000 < 100
5,000 < 100
6300 <100
8000 < 100

10000 < 100
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TABLE 13 ROU'N NO.A

SPECL~h~LAN 1JSS OF-NOISE AT OBS~ER RPORT

Centter Frequency of
1/3 Octave Band Pass Filter MaximAum Sounfd Pressure Level

- (b)-Re- 0. 0002 -d,'n s/,C M

40 117
5,0 114
63 116
810' ill

100 114
125 117
160 110
200 10 9
250 112
315 114
400 112
500 116
630 113
800 1113

1000 113
1250 112
1600 114
2000 117
2500 120
315,0 121
4000 120
5,000 119
6300 117
8000 108

10000 107
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TABLE4 RUN N.

VPECTRUH AKALTS7S -OF -NISEAT -P-6

Center Frequency of
1/3 Octave Band Pass Filter Maximum Sound, Pressure Level
-- Re ---(d Q00-0002 dynes/-c%2

40 125
50 122
63 121
80 118

100 119
125 1,17
160 117
200 115
250 119
315 114
400 112
500 114
633 i1l
1000 110
8000 10

1250 104
1600 106
2000 104
2500 102
31510 1,02
4000, 103
5000 <100
'6300 <100
8000 < 100

10000 <100
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DETAILS' 0F TEST EQUIPNT AI PROCERES

1. Soun-d- Pregsiure Measurements

Calibrated condenser microphones were used to measure the sound
pressure levels, and the outputs from these microphones were
recorded on magnetic tape and later analyzed with an audio-frequency
spectrometer.

All the microphones were shock mounted with the diaphragm posi-
tioned in a horizontal plane. Before each test, the microphone
systems were calibrated by applying a pure 400 cycle tone-at 121 db
with resiect to the reference level 0.0002 dynas/cm2 .

2. Temperatutebeasurements

Irotconstantan thermocouples fabricated from No. 30 thermo-
couple wires and connected to a recording potentiometer were used
to monitor the temperature in the areas indicated in Table 3. The
recording equipment was capable of indicating a temperature change
as small as one degree Fahrenheit. The recorder was operated over
a period beginning 5 minutes before firing and ending 15 minutes
after firing the booster.

3. Toxic Gas Sampling

Air samples were collected at the completion of each test using
varous gas smpling equipment to determine the presence and con-
centration of these substances. Before each test, air samples were
collected to determine if lead or carbon monoxide was present from
the previous test. The types of gas samplers employed were:

Gas Sampl-er

Carbon Monoxide Aminco! peristaltic pumps with Mine Safety
Appliance Corporation (M-S-A) carbon monoxide
indicating tubes,

M-S-A Tester, Type BEy47133,

1American Instrument Company

1



Gas ape

Lead H-SmA Lead-in-Air Detector.

High velocity Air smplers wYith Whatman
No. 41 filter pa-per.

Greentburg-Smith Impingera containing
1.99 Nitric Acid (IHIO3) aspirated by a
Gast Vacuum pump.,

Oxide of Nitrogen H-S-A Tester, Type Dy-83100.

2
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DETAILED TEST -C-ONDITIONSAN-D OBJECTIVES

Test No .. A:

Condition: "A" rail loaded. Train 73 00' Elevation65O0 '.

Impingement Point Port Blast Door.
Location:

Objective0" (1) To test the blast door for possible
leakage of hot gases and flame.

(2) To test for safe habitability of manned

areas during missile firings.

Test No. 2:

Condition: "A" rail loaded Train 115*00' Elevation
436 20'

Impingement Point' Dud Jettisoning System (Portside).
Location:

Objectives: (1) To test blast effects on the Dud
Jettisoning System equipment.

(2) To test for safe habitability of manned
areas during missile firings.

Test No. 3:

Condition: "A" rail loaded. Train 3359001 Elevation
13900'.

Impngement Point II TOGA Deck (02 Level) Prame 34, Starboard
Location: Side.

Objectives: (1) To determine the effects of blast on the
missile strikedown equipment located on
II TUGA deck at Frame 34, starboard side.

1!



--- _nW REPORT NO. 1841

(2) To determine the effects of blast spil1i
over on equipment mounted on the side of the
loading area deckhouse.

(3) To test for safe habitability of manned
areas during missile firings.

Test No., 4:

Condition! "B" rail loaded, train 198°00' Elevation6+'35'i.

impingement Point Starboard edge of II TUCA (02 Level) Deck-
Location. house at Prame 62.

Objectives: (1) To determine blast effects on the intake
and exhaust vents located at Frames 69-71,
starboard side.

(2) To determine the effects of blast splll
over on equipment mounted on the side of the
deckhouse and on the Coperta (main deck).

(3) To determine safe habitability of the
II TUGA deckhouse for personnel who will man
the Safety Observer's Station and the Dud
Ejector Control Panel located in the II TUGA
deckhouse.

(4) To test II TUGA deckhouse checkout door
for gas and flame tightness.

2
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